The SADERYL project is based on a global understanding of the logistics chain and its requirements for an efficient management. The decision problems arising in the integrated management of the logistics chain can be classified as strategic, tactical, and operational problems. Within the SADERYL project, we have focused mainly on the strategic and tactical aspects, concerning routing, location, and combined location-routing problems. All these problems are of great economic interest and the use of combinatorial optimization-based packages for their management has proved to produce substantial savings. However, a much deeper understanding of these problems is needed to improve the quantitative tools that should be provided to the managers as a basis for making their decisions. Through CORAL 2003, we have tried to contribute to this objective with some papers giving more theoretical insights, modeling approaches, and heuristic and exact algorithms for these problems.
CONFERENCE REPORT
CORAL 2003, a Conference on Routing and Location, was held in Puerto de la Cruz (Tenerife, Spain) from February 24 -26, 2003. A wonderful place, close to the black sand of the beach, and a nice temperature welcomed a group of senior and young researchers from Canada, England, France, Germany, and Spain. Social activities were also provided and sponsored by the Cabildo Insular de Tenerife (the local government) and TITSA (the public bus transportation company on the island). The conference corresponded to the third annual meeting of a research project, funded by the Spanish Ministry of Science and Technology, developing a Decision Support System for Vehicle Routing and Facility Location Problems (SADERYL, TIC-2000-1750-C06), in which research groups from six Spanish universities are collaborating. The conference was open to other participants and it was a pleasure to attend presentations by G. Laporte (CRT, Montreal), A. Letchford (University of Lancaster), J. Pacheco (University of Burgos), C. Prins (University of Troyes), G. Reinelt and D. Theis (University of Heidelberg), and F. Semet (University of Valenciennes). Although the conference focused on routing and location problems, other optimization problems were also considered. Updated information, as well as the extended abstracts of the presentations, can be found at the following site: http://webpages.ull.es/users/saderyl/Coral.htm.
The SADERYL project is based on a global understanding of the logistics chain and its requirements for an efficient management. The decision problems arising in the integrated management of the logistics chain can be classified as strategic, tactical, and operational problems. Within the SADERYL project, we have focused mainly on the strategic and tactical aspects, concerning routing, location, and combined location-routing problems. All these problems are of great economic interest and the use of combinatorial optimization-based packages for their management has proved to produce substantial savings. However, a much deeper understanding of these problems is needed to improve the quantitative tools that should be provided to the managers as a basis for making their decisions. Through CORAL 2003, we have tried to contribute to this objective with some papers giving more theoretical insights, modeling approaches, and heuristic and exact algorithms for these problems.
This report highlights the main results presented at the conference. To give a quick overview, the presentations have been grouped into four areas: routing problems (general, arc routing, and node routing), combined locationrouting problems, pure location problems, and other topics.
On general routing, Dirk Theis [20] showed new results on "The Undirected General Routing Problem." This problem, GRP, is a generalization of the well-known Rural Postman Problem (RPP) in which, besides a set of required edges, a set of nodes is also required to be visited by the "postman." Most of the previous results for the RPP/GRP were obtained from the study of an unbounded polyhedron associated to a formulation of the problem with general integer variables. However, Ghiani and Laporte recently showed how a smaller polytope with 0/1 vertices of slightly higher dimension can be obtained. From this last approach, the author introduced a transformation through which larger classes of valid inequalities were obtained and simple sufficient conditions for them to define facets of the 0/1 polytope were given. He also presented heuristic and exact separation procedures for some classes of inequalities that will be used in a branch-and-cut scheme. The presentation included very good preliminary computational results on a set of published test problems with sizes up to 225 vertices and 433 edges.
Angel Corberán [10] considered the same problem defined now on a mixed graph. In his presentation "New Results on the Mixed General Routing Problem," he briefly reviewed some previous results: a problem formulation, the proof that the associated unbounded polyhedron is not a full-dimensional one, and known families of facet-defining inequalities. Then, he presented the exact separation procedure, due to Nobert and Picard, for the family of balancedset inequalities and new heuristic procedures for K-C, K-C 02 , and particular cases of a new family of facetdefining inequalities: the Honeycomb inequalities. These procedures were implemented within a cutting plane algorithm that was tested on randomly generated instances with up to 214 vertices, 351 links (arcs and edges), and 214 R-sets (the connected components of the graph induced by the required links and vertices). The computational results showed that, even on the unsolved test instances, the value of the lower bound provided by the cutting plane procedure was, on average, 0.2% away from the optimal solution value.
Isaac Plana [4, 11] presented a survey of recent results obtained for the Windy Rural Postman Problem (WRPP). The WRPP is a generalization of other well-known routing problems, in which each edge (i,j) has two different associated costs, representing the cost of traversing it from i to j and from j to i. Using a particular encoding of a feasible solution, several local search procedures have been developed and combined in a Scatter Search scheme. This scheme has been tested on previously published and new randomly generated instances up to 1000 nodes and 3000 edges. Facet-defining inequalities for the WRPP polyhedron can be derived from the Rural Postman Problem and the Graphical TSP polyhedra, as well as from the inequalities present in the problem formulation. The current research aims at designing an efficient branch-and-cut scheme and at a deeper knowledge of the WRPP polyhedron.
In his presentation "Evolutionary Algorithms for Arc Routing Problems," Christian Prins [14] focused on a Hybrid Genetic Algorithm for the Capacitated Arc Routing Problem (CARP), in which a giant tour is obtained and an auxiliary graph is used to split the tour into feasible routes. In the Stochastic CARP, the work in progress aims at a robust Genetic Algorithm (GA) minimizing the expected cost. The GA was extended to the Periodic CARP, which closely corresponds to the municipal waste collection problem in suburban areas. Finally, he introduced the Node-andEdge-and-Arc Routing Problem (NEARP), a very hard problem for which a memetic algorithm that extends the one designed for the CARP was presented. In this procedure, the chromosomes are sequences that can include required edges, arcs, and nodes. The algorithm solved to optimality 18 of the 23 classical CARP instances by Golden, DeArmon, and Baker, while the average deviation was 0.43%. For the 14 classical VRP instances by Christofides, the solutions provided by the algorithm were, on average, 0.39% over the best-known values. It was also tested on 34 new randomly generated NEARP instances involving up to 126 nodes (61 of them required) and nine required edges and 142 required arcs from a total of 311 arcs.
Continuing on Arc Routing Problems, Enrique Benavent [3] presented "Heuristics and a Lower Bound for the Mixed CARP," a general problem complicated because of the presence of forbidden turns and other constraints. Tested on published and new instances, the memetic algorithm, presented by Prins, has been adapted to this problem. The test set included 34 instances with 24 -50 nodes and 43-138 required links, which were generated from a published set of instances for the CARP. The average deviation from the lower bound was 0.51%. A new set of instances for the Mixed CARP with 28 -401 nodes and 50 -806 required links was randomly generated and the average deviation obtained was 0.49%. The computed lower bound was an extension of another one previously developed by the authors for the CARP. The presentation included a cutting plane algorithm for the problem in which both exact and heuristic procedures are used for the identification of violated constraints.
On node routing problems, Frédéric Semet [16] in his presentation "Bilevel Programming Formulations to the TSP" showed that the TSP is polynomially reducible to the Toll Optimization Problem (TOP) and can be interpreted as the problem of determining tolls in a single-commodity transportation network. Based on natural bilevel programming techniques, the author recovered the lifted version of Miller-Tucker-Zemlin constraints obtained by Desrochers and Laporte. The TSP can also be formulated as a multicommodity TOP, using n 2 variables, where n is the number of nodes in the considered graph. Using a 3-TOP-TSP formulation, the author concluded that the lower bound provided by this new formulation is qualitatively comparable to the bound obtained with the "exponential" formulation of Dantzig, Fulkerson, and Johnson, as the preliminary computational results indicate. Specifically, on all symmetric instances involving up to 200 nodes drawn from the TSPLIB library, the gap of the lower bound derived from the 3-TOP-TSP formulation with respect to the optimal TOP value is 2.8%, on average, whereas the gap of the lower bound obtained with the Dantzig et al. model with respect to the optimal TOP solution is 1.1%, on average.
Adam Letchford [8] presented "Good Allocations for the Traveling Salesman and Vehicle Routing Games," introducing, first of all, some basic concepts of classical cooperative game theory and the definition of a "fair allocation." The game can be defined on a complete undirected graph, and particular cases are the TSP game and the VRP game. In both cases, the problem of finding a cost allocation whose value is as large as possible is NP-hard. Then, for these routed games, only good allocations can be found. For the TSP game, the author showed that there is an allocation, whose value was equal to the Held and Karp bound, that could be found in polynomial time. The on-going research proposes new "good" (sometimes optimal) allocations in polynomial time using polyhedral theory (in particular, the comb inequalities) and LP duality. The paper "New Heuristics for the Undirected Traveling Purchaser Problem" was presented by Jorge Riera-Ledesma [21] . This problem is a known generalization of the TSP in which the objective is to minimize the routing costs as well as the purchasing cost of the user that needs a known demand of some products that can be found in different markets, possible at different prices. The author proposed a local search scheme, exploring a new neighborhood. The key idea was to perform k-exchanges of markets (instead of the classical 1-exchanges), by removing a path of consecutive markets and by inserting other markets so as to restore the feasibility. The proposal was evaluated on a wide class of published instances with up to 350 markets and 200 products and the computational results compared favorably to the best-known results.
Gilbert Laporte [12] presented "Maximizing the Value of a Satellite Mission." It is a problem in which the route is a fixed and well-established geostationary orbit from which the satellite makes photos of the surface (when there are no clouds and it is not on the dark side). For a certain area, which is divided into slides, clients demand "normal" photos or "stereo" photos (some areas have to be photographed under two different angles; from these photos, a "stereo" image can be obtained). Only 25-100 photos can be taken in a day (of a total of 1000 requests), subject to time windows and "stereo" constraints. Each series of photos has a cost which is a convex function. The problem can be viewed as a variant of the Selective TSP and the objective is to select, among the requests of a given day, the photos to be taken so as to maximize the total value of the mission for that day. Tabu Search was the method selected to heuristically solve this problem, allowing infeasibility on the time windows constraints and diversification through a penalty on the jobs to be inserted in a feasible sequence (working day).
In "On Solving the Enrouting Protocol Problem Under Uncertainty," Laureano Escudero [2] introduced an extremely difficult problem even in its deterministic version. Given a telecommunications network, the goal is to design enrouting protocols minimizing (on average) the number of lost packages as well as the number of node visits. A column-generation approach is applied to a relaxed problem. At the end of this iterative procedure, a Genetic Algorithm (GA) is used to obtain a feasible solution. When uncertainty on the origin-destination flow matrix is considered, the author proposed a scenario approach, adapting, for each scenario, the column-generation algorithm and the Genetic Algorithm (GA) procedure. Preliminary computational results indicated that a good feasible solution was obtained after minutes, compared to the hours needed by standard optimization packages. The research in progress considers parallel computing and includes the network design problem.
María Albareda [1] introduced a combined routing-location problem in her presentation "Column Generation Approach for a Combined Location-Routing Problem." Given a set of potential plant locations and a set of clients with known demands, the problem consists of deciding where to locate a given number of plants, with known capacities, and how to design a tour visiting the set of clients assigned to each plant so as to minimize the total cost. One capacitated vehicle is assumed to be available in each open plant. The author proposed a Set Partitioning Model in which the assignment constraints are relaxed in a Lagrangean way. Demand constraints are aggregated and the subgradient method is applied to the Lagrangean dual, adding new columns to improve the lower bound. The Pricing Problem includes a Shortest Path Problem, subject to demand constraints. This subproblem is solved using a heuristic algorithm and only when it fails is an exact procedure applied. A feasible solution to the original optimization problem is obtained using a Tabu Search procedure. The overall procedure has been implemented and tested on several published instances.
Inmaculada Rodríguez [13] presented a similar problem, motivated by the design of a radio-mobile access network, "The Plant-Cycle Location Problem." Each plant can service only a limited number of clients and all of them should be in a cycle containing the plant. The problem is NP-hard and was formulated as an integer linear problem, strengthened by the addition of new sets of valid constraints. A branch-and-cut approach has been developed for its resolution, branching first on the variables associated with the plants. Exact separation procedures are proposed for the new connectivity and generalized connectivity constraints, while other valid constraints are heuristically separated. A simple heuristic is used to obtain a feasible initial solution. The proposed approach was able to find optimal solutions on random instances with up to 100 clients and 100 potential plants and on real-world instances with up to 120 clients and 16 potential plants.
Pure location problems were also considered. In "Twostage Uncapacitated Facility Location, Set Packing and Forests," Alfredo Marín [17] considered the two-stage uncapacitated facility location problem, in which a product is transported from the production plants to distribution centers and then to the customers, in order to satisfy their demands at a minimum total cost. This cost is obtained by summing up the transportation costs of both stages and the opening costs of distribution centers and plants. Using three-indexed binary transportation variables and binary decision variables associated with the potential locations of plants and distribution centers, the problem can be formulated as a set packing problem, to which new constraints can be added to strengthen the original formulation. In the intersection graph associated with the enforced formulation, cliques, odd holes, fans, grills, and other structures have been used to obtain new families of valid and facet-defining inequalities. Some of these families can be separated in polynomial time. The research in progress aims at designing a branch-and-cut method to solve the problem. Separation procedures were considered by Mercedes Landete [15] in her presentation "Separation of Facets for the Two-stage Uncapacitated Facility Location Problem." She evaluated the procedures for the separation of cliques and odd holes of length 5 on small instances (up to 40 plants and 100 clients). The computational results indicated that the values of the obtained lower bound were very close to the optimal solution values. The current work focused on the separation of the fan inequalities.
"A Heuristic for the Multiple Allocation Hub Location Problem" was presented by Lázaro Cánovas [7] . The problem arises in telecommunications and transportation systems in which a nonfixed (in the case studied) number of hubs have to be located in some nodes of a weighted network and the product sent from one node to another one must go through one or, at most, two hubs. There is a discount factor for shipments between hubs and the aim is to minimize the total cost. From the strongest-known integer formulation of the problem, the dual is obtained and solved heuristically. Associated with the dual heuristic solution, a primal solution is generated using slackness conditions. Computational results, on a set of published test instances, indicated a very good performance. The work in progress aims at designing a branch-and-bound scheme to exactly solve this problem.
Joaquín Pacheco [19] talked about "Two Scatter Search Algorithms for Two Location Problems." The work was motivated by the location of sanitary resources in the province of Burgos (Spain), with economic as well as social objectives. One problem was modeled as a p-center problem and the author proposed a Scatter Search approach in which Path Relinking is used as a combination method. Computational results on published p-median (adapted to p-center) instances indicated that, when p is not greater than 10, the proposed method obtained the best results in 18 of the 19 considered instances. The Scatter Search procedure was adapted to the second considered location problem, in which the objective is to maximize the number of persons to which the service can be offered within a "critical" time. In this case, the computational results obtained by the Scatter Search approach reproduced the best-known results.
In "Balancing Efficiency and Equity by Means of a Nonlinear Probabilistic Location Set Covering Model," a new model with two well-defined objectives was introduced by Jesús Pastor [5] . No probabilistic location set covering model considering equity as an objective had been previously proposed in the literature. This model considers a fixed number of vehicles and tries to maximize the level of service of the worst-served node (expressed as a reliability level, ␣). The problem was formulated as a mixed-integer problem, with nonlinear constraints, and solved in two phases: First, an approximate initial solution was obtained of a proxy linear integer model. In the second phase, the previous solution was improved using a 1-point interchange method. A numerical example was presented to illustrate the method. Since the model incorporates the independence among the different bases of the vehicles, this independence assumption was justified using a simulation study.
Rafael Martí [18] presented an optimization problem arising while training an Artificial Neural Network when the training time is limited, as in simulations. Traditionally, this problem is approached by backpropagation, a gradient descent technique, or by other nonlinear optimization methods, such as conjugate gradient, or by Genetic Algorithms (GAs). He proposed a new method based on the tabu search methodology, comparing the quality of the results with the best previous approaches on a set of 45 well-known functions.
Two final contributions related to the Matrix Bandwidth Minimization Problem were presented. Although this combinatorial optimization problem is not directly related to routing and location, it is a very interesting and challenging problem. Given a matrix, the problem consists of finding a permutation of its rows and columns such that the nonzero elements in the new matrix are in a band that is as close as possible to the main diagonal (bandwidth minimization). Vicente Campos [6] presented some new heuristic approaches based on a Greedy Randomized Adaptive Search Procedure, where at each iteration a trial solution is constructed and then improved through a local search method. The proposed method is coupled with a Path Relinking strategy to search for improved outcomes. This combined approach was tested on benchmark instances and favorably compared with a previously published Tabu Search algorithm. Juan José Salazar [9] presented a new combinatorial lower bound suitable to be inserted in a branch-and-bound scheme where the permutation is partially constructed. Computational experiments showed that the new branchand-bound algorithm succeeded in finding optimal solutions to several benchmark instances from the literature, the largest one involving 245 nodes. The approach was also favorably compared with previous works in the literature on their randomly generated instances. Finally, by exiting the code within a time limit, the code can be considered as a heuristic procedure that succeeded in finding feasible solutions with a gap of at most 2% on the considered test-bed matrices (which involve up to 1000 rows and columns).
Besides this set of presentations, other meetings for discussing the immediate tasks to be performed inside the SADERYL project and the potential collaboration among researchers working in these problems were held.
In conclusion, the conference provided the participants with a nice atmosphere to present and discuss their most recent works on solving practical optimization problems. As a result, we can expect more interdisciplinary groups, joining researchers from different countries that will produce, in the near future, new results on these areas.
